In this work, on the basis of dielectric modulation, a heterojunction (HETJ) surrounding gate (SRG) tunnel field effect (TFET) biosensor has been proposed. Due to the presence of biomolecules having different dielectric constant in the nanogap region of the biosensor, sensing has been performed. The sensitivity of the biosensor has been indicated using the traditional change in threshold voltage as well as in terms of I ON /I OFF ratio. The results obtained from TCAD device simulation reveals that the proposed HETJ-based biosensor provides higher sensitivity as compared to other existing homojunction (HJ)-based biosensors.
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Introduction
Nanogap embedded FET-based biosensors for detection of biomolecules has been studied due their several advantages (Bergveld, 1986; Gu et al., 2009; Barbaro et al., 2006; Ahn et al., 2011) . TFET-based biosensors for label-free sensing of biomolecules have drawn attention due to their high sensitivity (Sarkar and Banerjee, 2012b) . TFET-based biosensors have shown higher primarily due to their different carrier injection mechanism (Sarkar and Banerjee, 2012a) . Various techniques such as gate-drain overlapping to widen the channel-to-drain barrier has been reported to reduce the undesired ambipolar current associated with TFETs. However, the major roadblock associated with silicon-based TFET is the limited ON-state current I ON . Si-based TFET suffers with a low ION primarily due to low carrier effective mass, small bandgap and the smaller tunnelling barrier width Banerjee, 2012a, 2012b; Sarkar et al., 2013; Abdi and Kumar, 2015; Gao et al., 2016; Kanungo et al., 2014) . To this purpose, narrow bandgap III-V semiconductors-based tunnelling structures exhibited an improvement in drive current by promoting band-to-band tunnelling (BTBT) current density due to their low carrier effective mass, smaller bandgap and low effective tunnelling width. Significant improvement in the I ON /I OFF ratio has been reported by using mixed As/Sb staggered heterojunction (HETJ)-based TFETs. In an alternative implementation to extend the ITRS roadmap, a NW gate-all-around structure can also be used to realise the device concept exhibiting the tightest gate control resulting in higher scalability (Narang et al., 2012) . Moreover, III-V semiconductor-based NWs have been the focus of a long-term sustained research effort. Thus, staggered hetero-tunnel-junction-based NW TFET appears to be the most promising candidate for the implementation of an III-V-based TFET (Baravelli et al., 2013; Wang et al., 2010) . Due to their small carrier effective mass and smaller tunnelling width at the source-channel junction, they provide better RF/analog performance as compared to the existing HJ counterparts Sarkar, 2015a, 2015b) . This indicates the needs for investigation of staggered HETJ-based TFET biosensor. Therefore, in this work, the concept of III-V based heterostructure based nanowire (NW) TFET for application as a biosensor has been proposed and analysed with the help of an analytical model and TCAD device simulation.
Simulation setup
The schematic view of the nanogap embedded of the HETJ SRG TFET-based biosensor has been shown in Figure 1 , underlap and overlap length = 0 nm., thickness of HfO 2 t HfO2 == 1 nm, thickness of the AL 2 O 3 layer t AL 2 O 3 = 10 nm and ohmic source and drain contact by Ni. It is worth mentioning that the drain doping has been carefully chosen in order to reduce the ambipolar current which will be highest if the drain doping is same as the source doping. To model the interface trapped charges, a fixed amount of interface trapped charges equals to 2 × 10 11 cm -3 to 6 × 10 12 cm -3 with uniform distribution has been considered in this simulation. The material parameters used in this device simulation has been listed in Table 1 . All device simulation has been performed using TCAD Silvaco ATLAS device simulator (Manual, 2008) . A carefully chosen mesh structure has been employed along with the non-local BTBT to model the tunnelling of carriers. The doping profile is Gaussian in nature with a gradiant 2 mV/dec and a peak concentration of 5 × 10 19 /cc. To take care of the recombination's, standard Shockley-Read-Hall (SRH) and Auger recombination model has been used in the simulation. Fermi carrier statistics and quantum density gradient model has been used to model the carrier statistics and carrier transport mechanisms. To model the temperature-dependency and electric field dependency of the carrier mobility, Lombardi (CVT) mobility model has been incorporated in this study. A combination of decoupled Gummel method with fully-coupled Newton's method has been used to solve the numerical iteration by the TCAD. 
Results and discussions
Figure 2 plots the electrostatic behaviour of conduction band and valence band energies with the variation of dielectric constant of biomolecules. The blue line and red line represents the k = 1 and k = 10 respectively. In OFF-state there is no band alignment between the valence band of the source and the conduction band of the channel. In contrast, in the ON-state, band alignment is clearly observed at the source-to-channel junction. For k = 1, the band alignment and corresponding tunnelling barrier width is large. This corresponds to negligible source-channel electron tunnelling. Whereas, for k = 10, the valence band of the source and conduction band of the drain is perfectly aligned, which corresponds to a reduced tunnelling barrier and hence in large tunnelling carrier injection from the source to the channel. Therefore, it indicates that tunnelling barrier and corresponding BTBT rate depends on the permittivity of the biomolecules. Figure 2 clearly reveals that immobilisation of positively charge biomolecules in the cavity creates decrement of the tunnelling barrier as the positive charged species induce electrons in the channel regions and negatively charged biomolecules induce holes in the channel regions, thus affecting the threshold voltage as well as the drain current, which can be considered as the sensing metric for detection of biomolecules. Figure 3 shows the plot of the surface potential as a function of the position of the channel from the source to the drain for different permittivity in the nanogap region. It is evident that with the reduction of the gate voltage, the length of the depletion region on the left side of the tunnelling junction becomes smaller, and the length of the tunnelling region located on the right side of the tunnelling junction, becomes larger. The plot in Figure 3 reveals that as dielectric constant increases, the tunnelling barrier width decreases due to the change in effective gate capacitance, which results in steep rise in the potential profile Figure 4 plots the transfer characteristics of HETJ SRG TFET biosensor for different dielectric constants. It is observed that drain current of the device s increased with increase in k as dielectric modulated capacitance is direly proportional to k. The absence of biomolecules in the nanogap cavity is represented by considering air in the cavity with k = 1. Therefore, it is possible to detect biomolecules by sensing the changes in the current due to air and biomolecules. It is known that subthershold region is the optimal one for detection of biomolecules for conventional MOSFET as well as for the TFET-based one (Sarkar et al., Banerjee) . However, conventional MOSFET suffers with limited subthreshold swing (> 60 mv/dec). However, TFET overcomes this by Fermi-tail cutting of the bandgap of the semiconductor. Moreover, it was reported that staggered HETJ-based TFET offers lowest achievable subthreshold swing as compared to other types of III-V based TFETs (Baravelli et al., 2013; Wang et al., 2010; Sarkar, 2015a, 2015b) . As a result, the change in current for a staggered HETJ-based biosensor is higher than that of other TFET-based biosensors, mainly owing to the lower subthreshold swing. To evaluate the threshold voltage of the device constant current method has been used (i.e., the voltage at which drain current equals to 1 × 10 -7 A) (Bazigos et al., 2011) . The traditional sensitivity using threshold voltage shift is defined as Th Th(gap air) Th(gap filled)
where ΔV Th is the threshold voltage shift and ΔV Th(gap = air) and ΔV Th(gap = filled) denotes the threshold voltage when nanogap cavity is filled up by the air and biomolecules respectively. The variation of the threshold voltage shift and threshold voltage sensitivity is plotted in Figure 5 . Figure 5 shows that the change in threshold voltage and sensitivity is quite large for a staggered HETJ SRG-based biosensor. Therefore, it is possible to detect the biomolecules by the sensing the changes in the threshold voltage. Moreover, the same staggered HETJ SRG-based transistor architecture can be used for sensing and circuit units using in a stand-alone and inverter configuration (as a two-component common source amplifier as shown by Rigante et al. (2015) . As compared to a MOSFET based biosensor, TFET-based biosensors use another sensing parameter known as I ON /I OFF ratio (Narang et al., 2012) or by I DS , Air /I DS,dielectric (Abdi and Kumar, 2015) . This can be attributed to the difference of basic operation mechanism between TFET and conventional MOSFET. In a conventional MOSFET based biosensor, presence of biomolecules causes deformation in surface potential. The minimum of this surface potential is results in change in threshold voltage. However, this potential deformation increases with increase in nanogap cavity length. This potential deformation causes increase in Threshold voltage V Th and subsequent decrease in the I ON . However, in a TFET as permittivity k of the biomolecule changes, I ON increases drastically and I ON /I OFF ratio increases. Sensitivity analysis provides the way for variation of the electrical parameter in order to detect the variation of target bio-analytes with respect to air. Higher sensitivity is preferred as it provides higher probability to detect the target biomolecules. The sensitivity of the drain current in an alternate way has been reported recently (Kanungo et al., 2016 (Kanungo et al., , 2015 as represents the drain current when biomolecules are present and absent in the nanogap cavity. Figure 7 plots the IDS sensitivity as a function of drain current for different dieelectric constant. As dielectric constants increases, in the nanogap cavity, sensitivity increases. For positively charged biomolecules the I DS sensitivity increases whereas for negatively charged biomolecules it decreases. It is worth mentioning that for a moderate gate bias highest sensitivity occurs. 
Conclusions
In this paper, a HETJ SRG TFET biosensor that uses dielectric modulation of the nanogap created has been proposed. The detection of biomolecules in the proposed device is due to a change in the current of the transistor as the biomolecules with different permittivity are immobilised in the nanogap. The results indicate that the proposed biosensor will evince itself as a potential alternative to the conventional TFET-based biosensors primarily due to its high sensitivity. Therefore, staggered-heterojunction SRG TFET-based biosensors can facilitate detection of biomolecules of low concentration, which is crucial to prevent biological accidents or attacks. Therefore, the proposed biosensor can pave the way for a paradigm shift in biosensing applications.
